Background: Presence of Mycobacterium fortuitum in respiratory tracts usually indicates mere colonization or transient infection, whereas true pulmonary infection occurs in patients with gastroesophageal disease. However, little is known about the diagnostic indications for true M. fortuitum pulmonary infection and the natural history of the disease. Case presentation: A 59-year-old man was referred to our hospital for treatment against M. fortuitum pulmonary infection. Fifteen years before the referral, he underwent total gastrectomy, after which he experienced esophageal reflux symptoms. After the referral, the patient was closely monitored without antimicrobial therapy because of mild symptoms and no pathological evidence of M. fortuitum pulmonary infection. During the observation, chest imaging showed migratory infiltrates. Two years after the referral, his lung biopsy specimen revealed foamy macrophages and multinucleated giant cells, indicating lipoid pneumonia. However, he was continually monitored without any treatment because there was no evidence of nontuberculous mycobacterial infection. Four years after the referral, he developed refractory pneumonia despite receiving adequate antibiotic therapy. After confirmation of granulomatous lesions, multiple antimicrobial therapy for M. fortuitum resulted in a remarkable improvement with no exacerbation for over 5 years. Random amplified polymorphic DNA polymerase chain reaction analysis revealed identical M. fortuitum strains in seven isolates from six sputum and one intestinal fluid specimens obtained during the course of the disease. Conclusions: We have described a patient with M. fortuitum pulmonary infection who presented with migratory infiltrates. The pathological evidence and microbiological analysis suggested that M. fortuitum pulmonary infection was associated with lipoid pneumonia and chronic exposure to gastrointestinal fluid. Therefore, physicians should carefully monitor patients with M. fortuitum detected from lower respiratory tract specimens and consider antimicrobial therapy for M. fortuitum infection when the patient does not respond to adequate antibiotic therapy against common pneumonia pathogens.
Background
Nontuberculous mycobacterial (NTM) infection, mainly causing pulmonary infections, has increasingly become a socially important disease affecting not only health-related quality of life but also the prognosis of patients [1, 2] . Recent epidemiological studies have revealed increased incidence of NTM infections worldwide, including in Japan [3, 4] .
NTM are ubiquitous organisms, isolated from environmental sources such as water and soil [5] . Therefore, physicians sometimes have difficulty distinguishing true infection from contamination or colonization, especially one caused by rare species. Mycobacterium fortuitum is one of the rapidly growing mycobacteria, which are mainly present in soil and water [6, 7] . M. fortuitum mainly causes skin and bone/joint infections in both immunocompetent and immunocompromised patients [5] .
Many patients with M. fortuitum detected from lower respiratory tract specimens were found to have underlying lung diseases, including old pulmonary tuberculosis, lung cancer, interstitial lung disease, and other NTM pulmonary diseases [8] . Most of these patients did not require longterm antimicrobial therapy despite continuous detection of M. fortuitum. Thus, M. fortuitum from respiratory tracts has been considered to indicate mere colonization or transient infection [8] . On the other hand, true pulmonary infection occurs in patients with gastroesophageal disease [5] . However, little is known about the diagnostic indications for true M. fortuitum pulmonary infection and the natural history of the disease. Therefore, the decision to administer multiple antimicrobial therapy remains a clinical issue for physicians.
We herein describe a postgastrectomy patient with M. fortuitum pulmonary infection complicated by chronic aspiration who presented with migratory infiltrates, developed refractory pneumonia with evidence of granulomatous lesions, and underwent subsequent multiple antimicrobial therapy. Furthermore, we will show microbiological evidence among specimens from the respiratory and upper digestive tracts.
Case presentation
A 59-year-old man was referred to our hospital for treatment against M. fortuitum pulmonary infection. He underwent total gastrectomy for gastric cancer 15 years before the referral. After the surgery, he often had esophageal reflux symptoms and occasional episodes of vomiting. He was a current smoker of 25 pack-years and then quit smoking after referral. He did not use oily substances as constipation drugs or nose drops. Three years before the referral, he was diagnosed with M. fortuitum pulmonary infection according to sputum culture results, after which multiple antimicrobial therapy with rifampicin, ethambutol, clarithromycin, and levofloxacin was administered for a year. Eight months before the referral, treatment with isoniazid, rifampicin, ethambutol, and clarithromycin was reinstituted for the relapse; however, pulmonary involvement did not resolve.
At the time of referral to our hospital, he only had an intermittent cough and sputum. Chest radiograph showed consolidations in the right upper and left lower lung fields and nodular shadows in the middle bilaterally (Fig. 1a) . Chest computed tomography (CT) revealed consolidations in the right upper and left lower lobes, nodular shadows in the right middle and lower lobes and left lingua (Fig. 1b) , and dilated esophagus with food residue (Fig. 1c) . Laboratory data including lymphocyte count, gamma globulin level, and anti-HIV antibody level were unremarkable. Although the sputum culture was positive for mycobacteria species identified as M. fortuitum, cultures from the transbronchial lung biopsy (TBLB) specimen were negative. Histological examination only showed nonspecific inflammation such as exudation of fibrin without granulomatous lesions. Treatment with rabeprazole for his esophageal reflux symptoms was administered, and he was followed up without treatment with antibiotics.
During the period following his referral, he occasionally had cough and sputum without fever and weight loss. Chest imaging showed migratory infiltrates (Fig. 2a) . Although the sputum culture was continually positive for M. fortuitum, his symptoms did not worsen. At 14 months after his referral, we performed TBLB due to deterioration of consolidation in the right upper lung field (Fig. 2b) . Cultures from the TBLB specimen were negative, and histological examination of the specimen revealed no remarkable findings for M. fortuitum infection. To investigate for evidence of NTM disease, CT-guided lung biopsy was also performed. The lung biopsy specimen revealed foamy macrophages and multinucleated giant cells, indicating lipoid pneumonia (Fig. 3) . The patient was continually monitored without any treatment because there was no evidence of NTM infection.
After the investigation, chest imaging continually showed migratory infiltrates (Fig. 2c, d ). At 38 months after his referral, he developed aspiration pneumonia after an episode of vomiting (Fig. 2e) . Even though his inflammatory response improved due to antibiotic treatment with meropenem followed by ampicillin sulbactum, the consolidations remained. Esophagogastroduodenoscopy revealed a large amount of food residue, which made it difficult to observe the esophageal mucosa. Treatment with camostat and mosapride improved his reflux symptoms partially, but the migratory infiltrates did not resolve. TBLB was performed again, and histological examination of the specimen revealed granulomatous lesions with necrosis (Fig. 4) , indicating NTM infection. Meanwhile, M. fortuitum was detected through microbiological analysis of cultures from sputum and intestinal fluid. Multiple antimicrobial therapy with imipenem/cilastatin (for 2 weeks), amikacin (for 3 months), clarithromycin, minocycline, and levofloxacin was then administered. The treatment improved his cough and sputum, as well as his pulmonary lesions. He continued the treatment for 5 years, during which the migratory infiltrates did not recur (Fig. 2f) . The clinical course of the treatment is shown in Table 1 .
The microbiological analysis was performed using random amplified polymorphic DNA polymerase chain reaction (RAPD-PCR) analysis, which revealed identical M. fortuitum strains in seven isolates from six sputum and one intestinal fluid specimens during the course of the disease (Fig. 5) . The drug sensitivity of these strains is shown in Table 2 . There was no evidence of development of resistance during the course of the case.
Discussion and conclusions
Previous studies revealed that M. fortuitum causes pulmonary infection requiring antimicrobial therapy in patients with gastroesophageal diseases, especially esophagus achalasia [9] . Furthermore, patients with other NTM pulmonary diseases have a high prevalence of increased esophageal acid exposure [10] . Although the pathogenesis of M. fortuitum pulmonary infection in patients is unclear, we have confirmed its association with lipoid pneumonia and the evidence of identical M. fortuitum strains among all the sputum and intestinal fluid specimens in our patient.
Lipoid pneumonia is caused by aspirating fatlike compounds of animal, vegetable, or mineral origin [11] . Previous studies demonstrated that M. fortuitum have an advantage for survival in a lipid environment [12] [13] [14] . Notably, trehalose-6,6′-dimycolate (TDM), one of the many known mycolates contained in virulent strains of mycobacteria including Mycobacterium tuberculosis and M. fortuitum [15] , has important roles with lipids. In mouse experiments, TDM-induced granuloma was only induced when TDM was inoculated in a lipid environment [12] . Therefore, in our case, pathologically confirmed lipoid pneumonia may be associated with the pathogenesis of M. fortuitum pulmonary infection.
To our knowledge, we are the first to report on identical M. fortuitum strains among cultures from sputum and intestinal fluid specimens using RAPD-PCR analysis. Furthermore, we have revealed identical strains among all the sputum specimens in the course of the disease. The thoracic digestive tract, which is highly nourished and has optimal temperature, is a suitable environment for M. fortuitum growth, and it may be suggested that a considerable amount of bacteria are present in the tract's contents [16] . Although the exact pathogenesis is difficult to prove, we speculate that chronic exposure to gastrointestinal fluid may have caused the pathogenesis of M. fortuitum pulmonary infection, even though positive gastrointestinal fluid culture might simply be the result of swallowing respiratory secretions containing M. fortuitum. We are also the first to describe the natural history of M. fortuitum pulmonary infection caused by identical strains and showing migratory infiltrates. In a previous study, the CT findings of M. fortuitum pulmonary infection demonstrated various lesions, including bronchiectasis, nodules, consolidation, and cavity lesions [8] ; however, the longitudinal changes without antimicrobial therapy have not been reported. Various pulmonary diseases such as cryptogenic organizing pneumonia, chronic eosinophilic pneumonia, hypersensitivity pneumonitis, allergic bronchopulmonary aspergillosis, lymphoproliferative disorder, vasculitis, and aspiration pneumonitis can cause migratory infiltrates [17] [18] [19] [20] . Furthermore, gastroesophageal reflux can introduce pulmonary infiltrates, leading to aspiration pneumonitis [21] . In view of NTM infection, one case on Mycobacterium abscessus complex pulmonary infection has also shown migratory infiltrates [22] . Moreover, M. fortuitum is a pathogen that can survive in the lipid environment caused by aspiration as previously mentioned. In our case, treatment for esophageal reflux with rabeprazole, camostat, and mosapride did not improve his migratory infiltrates. Moreover, multiple antimicrobial therapy for M. fortuitum resulted in improvement with no relapse. Based on these findings, we consider that migratory infiltrates were probably caused by M. fortuitum infection related to aspiration due to esophageal reflux. Although the choice of suitable antimicrobial therapy was unclear, the patient achieved improvement, even after the Fig. 5 Randomly amplified polymorphic DNA polymerase chain reaction (RAPD-PCR) analysis with mycobacteria-specific primers as described in a previous study [23, 24] . Lane M, 100-bp DNA ladder size markers; lane T, type strain of M. fortuitum (ATCC 6841 strain); lanes F1 and F2, M. fortuitum clinical isolates from the cultures of other patients; lanes 1-7, M. fortuitum isolated from our patient (1-6, sputum; 7, intestinal fluid) RAPD-PCR patterns produced with primers OPA2, OPA18, and IS986FP are shown. Strains were determined to be identical when the same band patterns were observed with the three primers or one major band difference was observed in only one of the three primers In conclusion, we have described a patient with M. fortuitum pulmonary infection who presented with migratory infiltrates, and the pathological evidence and microbiological analysis suggested that M. fortuitum pulmonary infection was associated with lipoid pneumonia and chronic exposure to gastrointestinal fluid. Hence, physicians should carefully monitor patients with M. fortuitum detected from lower respiratory tract specimens, and consider antimicrobial therapy for M. fortuitum when the patient does not respond to adequate antibiotic therapy against common pneumonia pathogens. 
